Abstract-This study presents two types of Salesbary Screen models which can be used for the microwave EMR harvesting in the occupational areas for the prevention case of the EMF impact for human health. The proposal structures operate on the 6-18GHz frequency electromagnetic radiation and allow collecting heating energy of the defined range. There are two types of fillers of 3% MWCNTs and 3% CNFs where considered in meaning of well electromagnetic radiation absorbency properties. The special attention had been paid for the outer, spacer and back layers thickness evaluation. The specific power as well as the total power in the proposal structures were calculated.
I. INTRODUCTION
LECTROMAGNETIC fields (EMF) are presented everywhere in our environment but they are invisible and insensitive to the human. Electromagnetic radiation (EMR) depending on wave's length or frequency is divided by several ranges [1] . Nowadays the exposure of EMR for the human health is well studied [2] , [3] . The EMR effect level for human body and tissues strongly depends on electromagnetic waves (EMW) frequency or, in other words, on the wave length as well as on the time duration in the EMF. However, the most harmful effects are applied by the high frequency electromagnetic waves (HFEMW). HFEMW are radiated by various kinds of higher frequency radio waves using to transmit the information weather via TV antennas, radio stations or mobile phone base stations can dramatically affect for the human health [3] , [4] , [5] and [6] . The time limitation under HFEMW is defined by World Health Organization and it must not exceed 6 min [7] . People can be radiated for short time by HFEMW in open or general areas.. This exposure can be neglected if the sources of HFEMW are sufficiently far from the defined areas Nevertheless; there are a lot of occupational areas where the workers, operators and technical staff are under direct contact with the broadcasting and communications fields in the form of cellular telephones and towers. This contact is possible in the health care industry for medical treatment, in the food industry for the processing and cooking of food, in the wood, textile, and glass fiber industries for drying materials as well as in the automotive, electrical, rubber, and plastic products industries for fusing and sealing operations. The scientific researches indicate a relationship between exposure to microwave radiation and birth defects, such as mongolism (Down's syndrome) and central nervous system damage. The HFEMW may also cause damage to the male testis genital organs [3] , [5] , [6] . For the prevention of damage to human health the radar absorbing material and structures should be used. This study presents the radar absorbing structure based on the Salesbary Screen (SS) for the EMR heat energy harvesting. The proposal model of SS ( Fig.1) consists of a simple structure of thin resistive graphite film, a dielectric spacer layer, and a backside metal reflector. In terms of transmission line theory, the front resistive sheet is placed a quarter wavelengths away from the metallic backside reflector in this structure.
Incident wave
Resistive thin film ... According to [8] the best reflection is achieved when incident angle of the wave is 900 and the distance between resistive thin film and reflector is smaller. Also the worst reflection occurs with 377 Ohms resistance sheet. Despite the fact that there are a lot of new composite fillers, to assess the absorbent capacity of SS in these study composite fillers, which electrical parameters had been well studied in a certain frequency range, were used [9] . The dielectric permittivity, magnetic permeability, electrical conductivity and optical refractive index of most sample as well as composites fillers are defined as a function of frequency. And, they are complex valued quantities, which can be established only empirically by measurements [10] . For this reason of the proposal absorbing structure, mathematical modelling of the composite materials based on different weight (wt) percentage of carbon nanopowders with respect to the epoxy resin have been analyzed. Particularly, wt of 3% for MWCNTs (Multiwall Carbon Nanotubes) based composite materials and wt of 3% for CNFs (Carbon Nanofibers) based composite materials. For two composite fillers as well as graphite, real and imaginary parts of dielectric permittivity variation on 6-18GHz frequency range are shown in Table 1 . With the reason of collecting the more energy in the proposal structure, the precise calculation of layers heights is necessary. The EMW propagation through the different materials is based on optics laws [14] , [15] . The task of the energy harvesting by SS means that the incident EMW has freely propagate through the first and second layers and has not transmitted through the third layer. In this case the reflected wave from the back layer returns to the medium and outer layers and goes out beyond the structure. The resonance should be achieved in the spacer layer for the energy collecting.
The model layers thickness calculation
In this chapter, the outer, spacer and back layers thicknesses had been obtained.
Resistive sheet thickness
For the wave that freely passed through the graphite layer, it is required that its resistivity would be equal to the air resistivity, namely 377 Ω. Outer layer' impedance can be calculated:
(
Where: -is medium impedance, [ ]; -is the air impedance, [ ]; ; and -are the complex permeability and permittivity respectively.
Taking in account graphite diamagnetic properties it is assumed that its permeability is equal to 1. Therefore the Eq.
(1) can be presented as:
The complex permittivity is calculated:
Here: -is the relative permittivity of the medium directly contacted with air;
-is the real part of complex permittivity; -is the imaginary part of complex permittivity; -is dielectric constant. As a graphite layer thickness the depth h1 should be calculated according to the skin depth for non-metals at high frequencies formula [12] : 
Spacer layers thickness
In respect that proposal structure should absorb all 6-18GHz frequencies range EMW, it is needed to evaluate the skin depth for the MWCNTs and CNFs composites under defined frequency range, and as the spacer layer height the maximum penetration depth must be considered as:
The relative permeability of the composites is also equal to 1, therefore, for the spacer layer, thickness evaluation the equation (4) can be used. For the resonance which is the key to successful absorption it is necessary that the number of wave length quarter must be equal to odd number in the spacer layer. The number of wave length quarter is calculated as:
Here: -is the quarter number of wave length;
-is the certain frequency wave length index.
Wave length in the composites medium is calculated as:
. (7) Complex permittivity is calculated by following equation:
.
Where: and -are the real and imaginary parts of relative permittivity accordingly.
Back layer thickness
EMW cannot penetrate from the metal surface with thickness which is larger than the skin depth. For this reason the thickness of back layer is calculated as: ,
Here: -is the electric conductivity, [S/m].
Absorbance factor calculation
Taking in account that for polymer conductive material, the permeability is equal to 1, the equations of absorbency factors are:
Where: -is wave number, [m Wave number is calculated as:
. (11) The resistivity of dielectrics namely of outer layer can be represented by conductivity which is the frequency function:
Here: -is the electric conductivity [S/m].
Therefore formula (10) can be rewriten as:
II.3. Power calculation
This chapter presents the specific power index as well as total power calculation results for the proposal structures.
II.3.1 Specific power factor calculation
Where: -is specific power, [W/m 3 ]; -is electric field strength inside of medium; [V/m], -is the loss tangent.
Loss tangent is defined as the ratio:
Intrinsic electric field in interested layer could be obtained by using the following formula:
,
Here: -is external electrical field strength, [V/m]; -is relative permittivity of graphite;
-is relative permittivity of the spacer layer's material.
The structure total power calculation
Total power can be calculated as: (17) Where: -structure's height, length and width respectively, [m].
III. CALCULATIONS RESULTS
Here the layers thicknesses and power calculation results are presented.
III.1 Layers' thicknesses
The layers thicknesses had been given as shown in Table 2 . Calculation results are presented in the Tables 2 and 3:   TABLE II  GRAPHITE LAYER PROPERTIES CALCULATION 
[Ω] As it is shown in Table 2 , the impedance of 336 under the frequency of 18 GHz is very close to the air impedance. Therefore the outer layer thickness should be defined as equal to 9 mm. However it is necessary to evaluate the absorbency factor for this layer under the applied frequency range of 6-18GHz. Calculation had been done using Equations (9) - (12) . These results are presented in the Table 3 . The results of Table 3 indicate that the most suitable outer layer thickness is 12 mm, because for this chosen value the average absorbency factor under the applied frequency range is the lowest, namely 0.56; and as a result the transmission factor through the graphite layer is highest, namely 0.44. It means that only 44% incident EMW with different length would be penetrating to resistive sheet. For the effectively energy collection by proposal structures it is necessary to evaluate the graphite layer height such that the transmission factor would be approaching to 1. Therefore, Table 4 presents calculations of the most appropriate outer layer height. As it is seen, average value of the highest transmittance occurred if the graphite layer height is equal 0.039mm. For the evaluation of absorbency of middle structures layers, the wave lengths and thickness had been calculated. For the properties of composites, calculation results for 3% MWCNTs and 3% CNFs fillers are shown in Tables 5 and 6 . Presented results show that odd number of quarte wave length very well matches with the depth that is defined as 1.7cm for the 3% MWCNTs filler. However for the 3% CNFs filler it is not so well. It means that the most possible absorbency factors can be achieved only at frequencies of 8 and 16 GHz. With the reason of optimizing this situation, the absorbency factor was calculated under the frequency range of 6-18GHz for all possible thicknesses which are represented in Table 6 . The calculation results are presented in Table 7 . Finally, the thicknesses of 1.7cm and 1.0 cm were chosen for 3% MWCNTs and 3% CNFs fillers of spacer layer. The absorbency factor for them is shown in Fig.1 . In order to evaluate the thickness of back layer there are used three metals namely aliuminium, cooper and silver. For the best shelding ability it is recommended to use of 3d(f), 5d(f) and 11d(f) for the minimum, medium and exelent shielding respectively [11] . For these three metals the depth skin were calculated under the frequency range of 6-18GHz assuming the magnetic permeabilities which have the values of μr = 1 [11] . Calculation results are shown in Fig. 2 . Most lower skin depth is appeared for the cooper. The average value of cooper skin depth under applied frequency range is 0.22nm. Therefore, as it was discussed above, finally the back layer material is choosen cooper and the thikness equal to 2.42 nm.
III.2. Power evaluation
The specific power factor was calculated using Equations 14-16. The external electric field strength with extremely high frequency must not exceed the value of 5V/m in Lithuania [12] . Therefore, for the calculation of specific power factor the outside electric field value of 5V/m was considered. Graphical representation of power factors is shown in Fig. 3 . Equation (17) defines the total power dependency on the geometrical parameters of spacer layer. It is clear that increasing the structures width and length the total collected power increases. Nevertheless, the precise calculations were done assuming the equality of the length and width. The total collected power in certain volume of the composite material is presented by Fig. 4 .
IV. DISCUSSIONS
The layers of proposal structures were used because of the data [9, 10] . Also the graphite as outer layer has very good ability to collect the heating because of its high thermal coefficient that is very relevant in term of further study on the energy converter by these structures. The layers thicknesses were obtained to achieve the resonance in the spacer layers which directly influences to the heating properties of composites. Therefore the thicknesses of the proposal structures as well as the spacer layers thicknesses are calculated so that they can operate with all frequencies within the microwave frequency range of 6-18GHz. Average absorbency factor for the 3% MWCNTs with optimal thickness 1.7cm is 0.89. For the SS with 3% CNFs and thickness size of 1cm the average absorbency factor is equal to 0.8.The total calculated harvesting power values are very small, average total power for SS with 3% MWCNTs and with 3% CNFs not exceeds the value of 2.71µW and 1.57µ W respectively. The main reason is the low value of electric field applied for the calculation. Although the legislation limits of the high frequency electromagnetic field up to 5V/m, there are a lot of investigations which find out much more electric field strength values then 5V/m. As an example, police's radar system used in speed tacking can radiate from 17V/m to 142V/m for high frequency electromagnetic waves [13] . Therefore, the electric field value of 5V/m could not be assumed as a constant or limit value.
V. CONCLUDING REMARKS
In this study, two proposal models with microwave absorbing composites as a spacer layer, graphite resistive sheet and cooper back layer of Salesbary Screen are presented. SS structures provide the best operation which will be possible for only incident electromagnetic waves. The mathematical calculation shows that it is possible to collect electromagnetic microwaves energy. As a further study these types of devices should be constructed and tested in real electromagnetic radiation condition. Also it is needed to evaluate the temperature conditions inside the structure using the thermodynamical physics and obtain the heat exchange processes on the graphite-composite, composite-cooper boundaries. Then it is possible to consider the applying of the Peltier elements for the convert the heating energy to electrical energy by proposal structures. Moreover, the use of such structures is relevant for electromagnetic (EM) protection from natural phenomena (lightning), in nuclear physics for shielding and protection from the nuclear EM pulses; in electromagnetic compatibility (EMC) for equipment-level shielding, for protection from the high-intensity radiated fields (HIRF), and for mitigation of exposure to be considered in human health.
